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RECOGNITION  THE  FOR  DIAL-TIPE  NUIERALS 
AS  A  FUNCTION  OF  SIZE  AND  BRIGHINESS 


SECTION  I 
INIRODUCTION 


This  report  presents  data  on  the  time  required  to  recognize  numerals  of 
various  sizes  at  various  low  brightness  levels.  The  standard  Arity-Navy  Aero¬ 
nautical  numerals  showi  in  Figure  U  Trere  used.  The  height/stroke-width  ratio 
was  8/l.  TWhen  numeral  size  was  changed  the  design  remained  constant. 

The  effect  of  varjdng  stroke-width,  configuration,  and  other  aspects  of 
numeral  design  was  investigated  in  a  parallel  series  of  studies  iriiich  will  be 
covered  in  subsequent  reports. 

Of  previous  work  on  the  size  and  brightness  variables,  the  most  relevant 
was  a  war-time  study  by  Craik  (1) .  Craik  determined  the  reading  time  as  a 
function  of  brightness  for  irtiite  dial  type  numerals  on  a  dark  ground  under 
faint  flood  lighting.  The  total  brightness  range  covered  was  from  about 
0.0001  to  0.01  ft-L  (foot-lambert).  Four  numeral  sizes,  subtending  visued 
angles  in  the  vertical  dimension  of  l^',  36',  1°  12',  and  2°  2U',  were  used 
for  different  parts  of  the  brightness  range.  Data  were  reported  from  two 
subjects.  It  was  found  that,  for  each  numeral  size,  reading  time  increased 
progressively  as  brightness  decreased.  For  a  constant  reading  time  of  1.5 
sec.,  the  digit  area  varied  approximately  Inversely  with  brightness. 

The  present  study  was  similar  to  Craik 's  in  general  plan,  but  differed  in 
various  details  of  instrumentation  and  procedure,  and  provided  considerably 
more  data. 

The  brightness  range  was  fi*om  0.003  to  0.1  ft-L.  In  the  main  experiment, 
d^its  were  presented  singly  at  maximum  brightness  contrast.  Grouping  of 
digits  and  reduced  contrast  were  introduced  later. 

3h  operational  sitiiations  various  systems  of  night  cockpit  lighting  have 
been  tried,  sometimes  separately  and  sometimes  in  combination.  Among  them  are 
floodlighting,  edge  lighting  of  dials,  phosphorescence  of  markings,  fluorescence 
of  marktogs,  and  transillumination  of  markings.  These  systems  are  likely  to 
differ  in  uniformity  of  illumination  within  a  given  area,  wave-length  conf>osltion, 
brightness  of  markings,  and  brightness  of  background.  Such  differences,  rather 
than  differences  among  reflection,  radiation,  and  transmission  per  se,  are  ttie 
important  ones  for  visual  discrimination  and  dark  adaptation. 

The  importance  of  uniform  illumination  over,  for  exanple,  a  dial  face, 
hardly  needs  comment.  The  superiority  of  the  long  wave  end  of  the  spectrum 
for  minimizing  interference  with  dark  adaptation  is  well  known.  Brightness  of 
markings  is  a  factor  in  discrimination  and  also  in  level  of  adaptation.  Bri^t- 
ness  of  background  is  a  factor  in  adaptation,  is  one  term  in  the  contrast 
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between  backgromd  and  markings,  and  contributes  to  the  visual  frame  of 
reference  Tdiich  determines  ease  of  accommodation  and  orientation. 

The  present  experiments  were  concerned  v^ith  visual  discrimina'^ion  as  a 
faction  of  the  two  illumination  variables,  brightness  of  markings  and  contrast 
between  markings  and  background,  and  the  two  non- illumination  variables,  digit 
size  and  grouping* 

An  incandescent  light  source  was  used.  The  digits,  background,  and  refer¬ 
ence  guides  were  projected  from  behind  onto  an  opal  flash  glass  viewing  screen, 
and  the  field  was  therefore  transilluminated.  Brightnesses  of  figure  and 
ground  were  separately  controllable,  and  so  far  as  these  variables  alone  are 
concerned,  the  visual  situation  was  presumably  comparable  to  that  of  a  floodlit 
surface  of  the  same  specifications. 

Ihe  sections  on  apparatus  and  general  procedure  apply  to  all  four  of  the 
experiments  reported.  Conditions  and  results  of  the  experiments  will  be 
separately  described,  and  a  general  discussion  section  will  follow. 


SECTION  II 
EXPERBOTTATION 


A*  Apparatus  and  General  Procedure 
1.  The  Projector 

The  digits  Trere  presented  by  means  of  a  special  projector  which 
permitted  the  size  of  the  image  to  be  continuously  varied  without  loss  of 
focus*  The  projection  screen  was  a  piece  of  opal  flash  glass  12  in.  square. 
The  front  surface  of  the  screen  was  viewed  by  the  subjects  at  a  distance  of 
28  in.  The  optical  system  for  projecting  the  digits,  positioned  behind  the 
screen,  had  two  moving  elements,  the  lens  and  the  slide  holder.  The  light 
source  was  attached  to  the  slide  holder  and  moved  with  it.  Settings  were 
controlled  by  means  of  a  crank  which,  through  a  rack  and  pinion,  advanced  the 
lens  and  also  rotated  a  cam.  The  cam  varied  the  position  of  the  slide  holder 
in  such  a  way  as  to  keep  the  image  in  focus.  A  camera  lens  of  5*5  in.  focal 
length  was  used*  The  total  lens  excursion  was  about  8  in.  and  that  of  the 
slide  holder  a  little  less  than  3  in.  Image  height  could  be  varied  over  a 
range  of  four  to  one,  from  one-half  to  twice  the  size  of  the  original.  Over¬ 
all  length  of  the  device,  including  the  projection  screen,  was  about  38  in. 

The  light  for  digit  images  was  a  100-watt  projection  bulb  operating 
on  ll5  volts  AC  through  a  voltage  stabilizer. 
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It  Tras  necessary  to  elindiiate  from  the  system  a  variation  in  linage 
brightness  which  occurred  as  a  function  of  size.  For  this  purpose  an  fr^® 
diaphragm,  mounted  at  the  lens,  was  so  geared  to  the  drive  mech^ism  that 
variation  in  the  iris  area  provided  an  automatic  conpensatory  light  control 
and  brightness  was  made  independent  of  the  image  size  settings. 


To  permit  adjustment  of  image  brightness  to  the  level  desired,  ^ 
crossed  polaroids  and  holders  for  T^atten  neutral  tint  filters  were  positioned 
between  the  lens  and  the  slide  holder . 


This  part  of  the  light  system  was  calibrated  with  a  Macbeth  illumi- 
noneter.  Kean  readings  of  a  series  were  reproducible  vdthin  plus  or  minus  Z%, 

Background  illiunination  was  provided  by  four  flashlight  bulbs  at 
the  corners  of  an  8  1/2  in.  square  located  7  in.  behind  the  projection  screen. 
These  bulbs  were  operated  at  low  voltage,  and  by  suitable  arrangements  of 
^j_Iters  and  diaphragms  either  all  or  part  of  'ttie  screen  could  be  flooded  by 
light  of  controlled  brightness.  In  the  main  experimental  routine  the 
immediate  background  of  the  digit  images  was  kept  dark  so  brightness  contrast 
was  maximal.  But  with  only  a  digit  image  «md  no'  frame  of  reference  in  the 
visual  field,  disturbing  autokinetic  movements  tended  to  occur.  Therefore, 
on  the  lateral  edges  of  the  screen  vertical  strips  about  1  l/2  in.  wide  by 
12  in.  high  were  very  faintly  illuminated.  This  left  a  9  by  12  in.  central 
region  of  the  screen  dark.  The  strips,  which  the  subject  could  see  only 
after  some  dark  adaptation,  were  effective  in  minimizing  the  autokinetic 
effect. 


This  part  of  the  light  system  was  checked  with  a  Taylor  low  brightness 
meter.  Brightness  of  the  strips  was  estimated  to  be  about  5  x  10"®  ft-L,  but 
was  too  near  the  lower  limit  of  the  meter  for  accurate  measurement. 

A  series  of  hoods  effectively  shielded  the  subject's  ejres  and  the 
optical  system  from  the  experimenter's  working  light. 

This  projector  could  be  used  in  two  ways*  (1)  to  obtain  size  thresholds 
by  starting  an  image  below  the  threshold  of  recognition  and  increasing  the  size 
*  until  it  was  correctly  reported,  and  (2)  as  a  convenient  means  of  getting  a 
series  of  fixed  iTnage  sizes.  The  first  of  these  procedures  was  used  in  some 
of  the  design  studies  to  be  reported  later.  3h  the  work  here  reported,  only 
fixed  image  sizes  were  used. 

Slides  for  projection  were  prepared  as  follows.  A  cut-out  of  the 
digit  about  1  9/16  in.  high  was  made  In  black  cardboard  and  pasted  on  glass. 

This  original  was  reduced  in  two  steps,  both  reductions,  being  transparencies 
on  Kodalith  Ortho  Type  2  film.  The  second  reduction,  providing  a  transparent 
image  about  3/l6  in.  high  on  a  dark  ground,  was  momted  over  a  hole  in  the 
center  of  a  square  of  black  cardboard  cut  to  fit  the  slide  holder  in  the 
projector.  Dimensions  of  cardboard  cut-outs  were  systematically  checked, 
photographic  processes  "were  well  standardized,  and  dimensions  of  second  reduc¬ 
tions  were  spot  checked. 
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2.  Ihe  Control  and  Response  Circuits 

The  digits  were  exposed  by  an  electrically  controlled  shutter. 
Response  was  registered  by  a  throat  microphone  operating  through  an  amplifier 
and  rel^  system.  Recording  was  on  a  strip  of  polygraph  paoer  which  was 
advanced  by  a  constant  speed  motor  at  the  rate  of  13.2  rmri.  per  sec.  i^hen 
the  experimenter  pressed  a  finger  key  the  shutter  was  opened,  a  mark  was 
made  on  the  polygraph  paper,  and  a  switch  was  closed  in  the  amplifier  output 
circuit.  ^  A  calibration  test  showed  the  shutter  and  polycrraoh  record  to  be 
s^chronized  yrLthin  0.02  sec.  Tjhen  the  subject  responded  the  shutter  was 
Closed,,  a  second  mark  was  made  on  the  polygraph  paper,  and  the  switch  in 
the  output  circu5.t  was  opened.  Ihe  switch  in  the  output  circuit  had  the 
eilech  of  making  the  microphone  inoperative  except  in  the  short  interval 
between  exposure  ^d  response.  The  length  of  this  interval  was  taken  as 

e  recognition  tiine,  and  could  be  read  in  millimeters  from  the  polygraph 
paper • 

]h  desipiing  these  circuits  it  was  necessary  to  adapt  them  in  a 
nuiitoer  of  respects  to  features  of  the  equipment  already  in  use.  Because  of 
such  specialized  details  they  would  be  of  only  limited  interest  and  are 
therefore  not  described  in  full.  A  description  of  a  somewhat  conmarable 
circuit  for  a  throat  microphone  has  been  published  by  Roush  and  Hamburger  (£). 

3*  General  Procedure 

+V,  I^ocedure  was  designed  to  determine  the  average  time  in  which 

the  digits  could  be  correctly  identified. 

K  ^®  instructed  to  name  the  exposed  digit  as  soon  as  he 

suSfcS  wa?^h.f  correctly.  On  being  given  a  ready  signal  the 

subject  watched  the  center  of  the  screen.  A  digit  or  group  of  di?its  was 

^^®  responded.  If  the  response  was 

^  repeated  a  little  later  in  the  series.  The  experi¬ 

menter  marked  ttie  order  of  the  items  on  the  polygraph  record. 


Detailed  Procedure  and  Resul ts 

1.  Experiment  It  Recognition  Time  for  Digits  Presented  Singly 
a.  Conditions 

This  experiment  7?as  planned  to  provide  the  main  body  of  data.  Dibits 

ISLf  f  ®  iSeral 

ft  a  fra^  of  reference.  Four  brightness  levels  were  selected 

logarithmic  intervals,  0.003,  0.01,  0.03,  and  0.1  ft-L. 

^^®  as  to  produce 

of  ^  fastest  obtainable  to  several  seconds.  Complications 

5  advisable  to  limit  the  number  of  sizes  per 

wlf^wffoirSnf°  Considerable  preliminary  experimentation 

was  therefore  done  and  three  basic  digit  heights  were  settled  on  for  each 
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brightness,  as  follovrs:!/  for  0.003  ft-L,  0.36,  0.63,  and  0.90  in.j  for  ^ 
0.01  ft-L,  0.26,  0.36,  and  0.U6  in.j  for  0.03  ft-L,  O.lU,  0.22,  and  O.36 
^or  0.1  ft-L,  0.12,  0.18,  and  0.2h  in.  These  sizes  were  incorporated  in  the 
basic  exoerimental  design.  As  an  aid  in  establishing  the  minimum  response 
times,  oWsize  digits  were  also  presented,  tTdce  the  height  of  the  largest 
basic  digits  at  each  brightness  except  at  0.003  ft-L,  where  because  of 
aooaratus  limitations  they  were  taller  than  the  largest  basic  digits. 

To*  reduce  exoerimental  time  the  oversize  digits  were  divided  into  two  sets 
and  each  set‘ given  to  half  the  subjects,  immediately  after  the  regular  trials 
at  each  brightness  level* 


As  a  means  of  getting  an  estimate  of  simple  response  time  in  the 
experimental  situation,  at  the  end  of  the  regular  routine  seven  of  the  subjects 
were  asked  to  respond  immediately  when  they  saw  a  light  spot  1.26  in.  In 
diameter,  with  no  discrimination  required.  These  trials  were  at  the  same 
brightnesses  as  the  trials  just  completed. 


Subjects  were  male  college  studehts  with  20/20  vision  on  the  Lebensohn 
Test  at  lU  in.  Sixteen  subjects  were  used  for  two  periods  each.  All  had  had 
one  period  of  previous  experience  in  a  somewhat  related  ejqjerimental  situation. 


A  single  period  included  either  the  two  higher  or  the  two  lowei 
brightnesses.  At  each  brightness,  the  three  basic  sizes  appeared  in  a  pre¬ 
determined  order  and  then  in  reverse  order.  In  the  first  appearance  of  each 
size  five  digits  were  presented.  In  the  second  appearance  the  remaining  five. 
Sequences  of  digits,  sizes,  and  brightnesses  were  rearranged  among  subjects 
and  periods  to  balance  out  the  effect  of  serial  position. 

Ten  digits,  three  sizes,  and  two  bri^tnesses  made  60  trials  in  the 
regular  design  pattern,  a  trial  being  one  presentation.  Ihe  full  schedule 
for  a  subject's  first  period  was  as  folloTis:  eight  practice  trials,  30 
regular  trials  at  the  first  brightness,  5  trials  on  the  oversize  digits  at 
the  same  brightness,  a  short  rest  interval,  30  regular  trials  at  the  second 
brightness,  and  5  trials  oh  the  oversize  digits  at  the  same  brightness.  La 
a  second  period  the  8  practice  trials  were  replaced  by  h  warming-vqp  trials, 
and  for  7  subjects  the  period  was  ended  with  from  8  to  11  trials  on  the  light 
spot. 


If  a  digit  was  not  recognized  in  10  seconds,  the  trial  was  terminated 
and  10  seconds  recorded  as  the  score. 

b.  Results 

Lti  Table  lA  are  shown,  for  the  three  basic  sizes  at  each  brightness 


^  Following  the  usual  convention  for  dial  numerals,  digit  heights  are  given 
in  inches.  For  rough  estimates  of  visual  angle  equivalence,  it  can  be 
noted  that  at  our  experimental  viewing  distance  of  28  in.,  a  digit  0*12  in. 
high  subtends  lU'  1*5”,  a  0.21*  in.  digit  subtends  just  under  30',  and  a 
0.1*8  in.  digit  just  under  1®.  Other  conversions  can  be  made  from  the 
abscissa  scales  of  Figure  1. 
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the  mean  recopition  times  by  individual  di'^its,  and  for  all  disrits  combined; 
for  the  oversize  digits  at  each  brightness,  means  of  all  dibits  confined:  and 
lor  the  simple  li?ht  spot,  a  mean  for  seven  subjects.  For  two  of  the  seven 

subjects,  the  light  spot  was  at  0.003  ft-L,  for  three,  at  0.01  ft-L,  and  for 
two,  at  0.03  ft-L* 

■5«^-  given  basic  size  and  brightness,  mean  recognition  times  for 

^dividual  digits  are  based  on  I6  determinations  (1  per  subject),  and  for  all 
digits  combined,  on  I60  determinations.  Means  for  all  oversize  dibits 
combined  at  a  given  brightness  are  based  on  80  determinations  (16  subjects, 

5  digits  each).  Me^  response  time  to  the  light  spot  is  based  on  h2  determina¬ 
tions  (7  subjects,  6  trials  each).  The  first  few  trials  with  the  li:^ht  spot 
sometimes  produced  erratic  results,  so  trials  were  counted  only  after  perform¬ 
ance  appeared  to  have  settled  down.  ,  P  m- 

^ich  include  one  or  m.ore  of  the  arbitrary  10-sec.  scores 
result^g  from  terminating  exposures  at  that  interval  are  underlined  in 
T  exception,  the  smallestdfgit  size  only  at  each 

a  fh  largest  number  of  arbitrary  scores  entering  into 

combined  is  2h  out  of  the  total  of  I60  scores  for 
digit  ^®lsht  at  0.003  ft-L,  and  the  largest  number  for  a  single 
tipns.  ^  scores  for  digit  6  under  the  same  condi- 

The  mean  scores  for  Individual  digits  in  Table  I  A  show  that  for 
the  larpst  digit  size  at  each  brightness,  the  range  by  individual  dibits 

digit  size  S^e  SS  at  thrL  of 
large  co^^^-ed  11  IL 

effects  of  some  other  variables.  It  is  of  interest  to  us  in  the  pSsent 
comection  because  it  reflects  the  fact  that  reducinr?  digit  size  impairs 
recognition  of  the  difficult  digits  more  than  of  the'eas?  ones! 

which  distrtoutions  of  scores  by  subjects  show  certain  characteristics 

spJeL^f  application  we  are  concerned  with.  The 

spread  of  performance  within  a  group  tends  to  be  large,  and  to  increase 
go^essively  as  conditions  become  more  difficult,  furthermore,  the  scores 

most  by  difficult  conditions,  so  the 

distributions  show  increasing  skewness  with  increasing  difficulty,  a  conven¬ 
ient  way  to  present  these  aspects  of  the  data  for  a  group  of  16  Lbiects  is 
by  q^tile  points.  In  Table  I  B  are  given,  for  the  various  sL2ri°jLLs 
scores  on  ten  digits  combined  which  separate  the  group  of 
subjects  into  quarters,  together  with  the  means  repeated  from  Table  I  A  As 

ruction  5 

through  the  points  for  each  of  the  four  brightnLses!  ^rinSr-a^tSe 

^  designates  the  2|th  percentile  point  the  bottom 

Se  Zt  PI'-jentUe.  Ihe  difference  hetneen  ?he  briSLSrUvSs  Sd 
the  accelerated  increase  in  recognition  time  with  decreas-e  in  dl^  si^rahow 
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TABLE  I  A 


KEAI\^  RECOGNITION  TEES  FOR  DIGITS 
PRESENTED  S^GLY  (l6  ORIGINAL  SUBJECTS) 


_ _ RECOGNITION  THE  (sec») _ 

BRIGHTOSSS  «1  ft-L  BRIGHTNESS  ,03  ft-L 

.DIGIT  HEIGHT  (in.)  DIGIT  HEIGHT  (in.) 


DIGIT 

.12 

9 

1 

1 

•  • 

00 

• 

r-i 

• 

.22 

.30 

.60 

1 

1.79 

1.30 

.70 

2.71 

.8U 

.7U 

2 

1.21 

.90 

.76 

r:w 

.8U 

,69 

— 

3 

1.78 

.91 

.76 

2.61 

.85 

•Ik 

k 

IT3J 

.36 

.75 

— 

CTT 

.87 

.77 

— 

5 

l.?U 

.91 

.6U 

OTT 

.32 

.72 

— • 

6 

Tim 

1.03 

.70 

2779 

.87 

.71 

— 

7 

Ta? 

.91 

.7U 

i75F 

.77 

.67 

— 

8 

2.20 

1.59 

.80 

3.0U 

.91 

.73 

9 

139 

.70 

1770 

.76 

.67 

— 

0 

Tim 

1.12 

.77 

~ 

3.28 

.95 

.76 

— 

lEAlI 

1.7U 

l.OU 

.73 

(.59) 

2.U5 

•85 

.72 

(.59) 

BRIGHTNESS  .01  ft-L  BRIGHTNESS  .003  ft-L 

DIGIT  HEIGHT  (in.)  DIGIT  HEIGHT  (in.) 


DIGIT 

.26 

.36 

.li6 

.92 

.36 

.63 

.90 

1.31 

1 

2.2U 

.98 

.72 

2.96 

.79 

.68 

2 

17^ 

.97 

.72 

570^ 

.76 

.74 

3 

573^ 

1.09 

.82 

HITT 

.89 

.77 

h 

27Bo 

.9U 

.77 

3.61 

1.08 

.72 

..i— 

5 

77^ 

.95 

.7U 

or 

.80 

.72 

6 

?7IIo 

1.06 

.73 

or 

.76 

.75 

7 

I77T 

.91 

.69 

2752 

.70 

.68 

8 

273^ 

1.06 

.72 

37^ 

1.22 

.70 

9 

17^ 

.87 

.67 

3752 

1.02 

.77 

... 

!  0 

i 

2.5^ 

1.18 

.80 

■ - 

2773 

.86 

.72 

— 

1 

MEAN 

2.29 

1.00 

.74 

(.62) 

3.46 

.89 

.72 

(.6?) 

Mean  response  time  to  lieht  spot  for  7  subjects, 

(2  at  .03  ft-L,  3  at  .01  ft-L,  and  2  at  .003  ft-L),  .32  sec. 

o  trials  per  subject. 


Iftiderlljied  figures  include  time  scores  from  !•  or  more  subjects  arbitrarily 
limited  to  10  sec.  Firrures  in  parentheses  based  on  only  5  digits  per  subject. 
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TABLE  I  B 


MEANS,  MEDIANS,  AND  25th  AND  75th  PERCEJTILSS  OF  THE  DISlRIBUTIOfjq 
OF  RECOGNITION  TIIES  FOR  DIGPIS  PRESENTED  SINGLY  (if^RIcSS  s^lS) 


RECOGNITION  TTI.^ 


BRIGHTI'TESS  .1  ft~L 

DIGIT  HEIGHT  (in.) 

*12  .18  ,2h  .U8 


1.7U 


BRIGHT^JESS  .03  ft-L 

DIGIT  HEIGHT  (in.) 

.22  .30  .60 


*73  (.59)  2.U5  .85  .72  (.59) 

75th  PERCENTILS  *86  .  66  .56  (.51)  l.o5  ,61i  5'i  (  )|Q^ 

MEDIAN  -inir  -?5S  .66  (.58  .85  n  5? 

2Sth  pehgehtim;  CT  .81  (.62)  3^  1.0°  '.Ij 


BRIGHTNESS  .01  ft-L 
'DIGIT  HEIGHT  (in.) 

.26  .36  .ii6  .92 


BRIGHTNESS  .003  ft-L 

DIGIT  HEIGHT  (in.) 
»36  .63  .90  1.31 


MEAN  2.29 

75th  PERCENTILE  .93 
MEDIAN  THF 

25th  PERCENTILE 


2^  1.00  .7U  (.62)  3,1x6  .89  .72  (.67) 


.72  .58  (.52) 
,Qh  .67  (.55) 
1.22  .79  (.65) 


Median  response  time  to  light  spot,  7  subjects, 
brightness  range  .003  to  .03  ft-L. 


1*^6  .61  .59  (.57) 

.66  .  62  (.61) 

.36  .73  (.67) 


.33  sec. 


tottcT  1  -  -ore  sceras 

Figures  in  parentheses  are  based  on  only  5  digits  per  subject. 
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TABLE  I  C 


MSAI^S,  IvEDIAITS,  AIID  25th  A’'!^  75th  PERCENTILES  OF  THE 
DISIRIBUTIONS  OF  RECOGNITION  TII^S  FOR  DIGITS  PRE¬ 
SENTED  SBJGLY  (16  SUBJECTS,  INCLUDING  5  REPLACEiSNTS) 


_ RECOGNITION  TDZE  (sec.) _ 

3RIGHINESS  »1  ft-L  BRIGHTNESS  »03  ft-L 

DIGIT  HEIGHT  (in.)  DIGIT  HEIGHT  (in.) 


.12 

.18 

.2h 

.Ii8 

.111 

.22 

.30 

.60 

I'lEAN 

1.16 

.81^ 

.71 

(.61) 

1.96 

.80 

.72 

(.5?) 

75th  PERCEMTHE 

.86 

.66 

.56 

(.51) 

1.06 

.61* 

.56 

(.50) 

?£SDIAN 

1.10 

.81 

.65 

(.59) 

13? 

.78 

.68 

(.55) 

25th  PERCENTILE 

l.lil 

.90 

.78 

(.66) 

5T39 

.91 

.80 

(.61.) 

BRIGHT^ISSS 

.01  ft-L 

BRIGHTNESS 

.003  ft-L 

DIGIT  HEIGHT  (in.) 

DIGIT  HEIGHT  (in.) 

.26 

.36 

.U6 

.92 

.36 

.63 

.90 

1.31  . 

MEAN 

1.26 

.85 

.69 

(.62) 

2.7h 

• 

CD 

OO 

.73 

(.68) 

75th  PERCENTILE 

.95 

.70 

.58 

(.52) 

1.65 

.62 

.60 

(.57) 

f/EDIAN 

1.05 

.75 

.63 

(.56) 

?nir 

.71 

.61i 

(.61) 

25th  PERCENTILE 

1.36 

.90 

.71 

(.62) 

ITSU 

.87 

.75 

(.65) 

Underlined  figures  are  based  on  distributions  ■which  include  one  or  more 
scores  arbitrarily  limited  to  10  sec. 

Figures  in  parentheses  are  based  on  only  5  digits  per  subject. 
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RECOGNITION  TIME  —  seconds 


2.00 


{  REACTION  TO  LIGHT  SPOT  ) 


'.10  .20 


AO  .50  .60  .70  .80 

DIGIT  HEIGHT  —  inches 


DIGIT  HEIGHT-  visual  angle  —  minutes 


1.20  1.30 


ISO  166 


Figure  1.  Recognition  time  for  digits  presented  singly  as  a  function  of  digit  height. 
Curves  show  median  performance  of  a  group  of  16  subjects.  Vertical  lines  through 
plotted  medians  shovr  inter-quartile  ranges.  Reaction  time  to  simple  light  sr^ot  is 
median  for  7  subjects  at  brightnesses  from  .003  to  .03  ft-L. 
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Figure  2.  Relation  between  digit  height  and  brightness,  for  various  recoeni- 

performance  of  a  group  of  16  subjects.  Derived  from  the 

curves  of  Figure  1. 
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DIGIT  HEIGHT— INCHES 


BRIGHTNESS-FT-L 


Fi^e  3.  Relation  between  digit  height  and  brightness,  for  various  recogni¬ 
tion  times.  Performance  at  the  25th  percentile  of  a  group  of  16  subjects. 
Derived  ftom  curves  dravm  through  the  upper  ends  of  the  inter-quartile  lines 
of  Figure  1. 
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0  I  2 

3  4  5  6 
7  8  9 


FifTTjre  4.  Arry-Havy  Aeronautical  digits  used  throughout  the  present  study. 
Height/ stroke- Fidth  ratio  8/l  (7) . 
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clearly.  Skeimess  is  reflected  in  the  greater  length  of  the  upper  segments 
of  the  inter-quartile  lines  as  conpared  with  the  lower.  Progressive  Increase 
in  spread  and  skewness  with  decreasing  digit  size  is  shown  by  the  progressive 
but  asymmetrical  lengthening  of  these  lines. 

Reverting  to  Table  I  B,  it  will  be  noted  that  the  means  are  larger 
than  the  medians,  particularly  for  the  smaller  digit  sizes.  Ihis  is  an  index 
of  positive  skewness,  as  the  means  are  more  influenced  by  the  extreme  scores. 

It  may  be  helpful  to  point  out  that,  under  "easy"  conditions  of  size 
and  brightness,  the  score  of  the  Trorst  subject  of  our  sixteen  tended  to  be 
about  twice  that  of  the  mean  of  the  group,  while  under  "difficult”  conditions 
it  was  more  often  three  or  four  times  the  mean. 

It  is  unlikely  that  the  general  character  of  these  results  would  be 
substantially  changed  by  further  practice.  Lunping  all  conditions  together, 
our  original  l6  subjects  imp*  oved  not  more  than  10%  between  the  mean  of  trials 
1-5  and  the  mean  of  trials  116-120. 

Figures  2  and  3  ure  derived  from  Figure  1,  but  show  digit  size  as  a 
ftmction  of  brightness  for  various  recognition  times.  This  puts  the  data  into 
more  convenient  form  for  answering  the  question,  "How  large  must  a  digit  be  for 
recognition  in  a  given  time  at  a  given  brightness  level?"  •  Bie  ciurves  of 
Figure  2  are  in  terms  of  median  performance,  and  the  plotted  points  are  taken 
directly  from  the  curves  of  Figure  1.  Those  of  Figure  3  are  in  terms  of  per¬ 
formance  at  the  25th  percentile,  corresponding  to  recognition  by  three-fourths 
of  the  subjects,  and  the  points  are  taken  from  curves  (not  shown)  drawn  through 
the  25th  percentile  points  of  Figure  1.  The  displacement  of  the  Figure  3 
curves  toward  larger  digit  sizes  is  apparent. 

It  was  desired  to  determine  the  effect  of  eliminating  some  of  the  poorer 
subjects.  A.S  the  design  was  set  up  for  l6  subjects  it  seemed  advisable  to  stick 
to  that  number,  so  five  subjects  among  those  showing  the  largest  nuntoer  of  ten- 
second  scores  were  replaced  with  the  next  five  not  previously  used  in  this 
experiment  who  qualified  on  the  Lebensohn  Test.  This  nearly  eliminated  the 
ten— second  scores,  a  total  of  ten  such  scores  being  divided  between  the  smallest 
digit  sizes  for  0.003  and  0.03  ft-I»  The  means,  medians,  and  quartile  points 
for  l6  subjects  after  the  five  replacements  are  shown  in  Table  I  C. 

A  conparison  of  Tables  I  B  and  I  C  gives  a  rough  idea  of  the  possible 
gain  from  screening  for  low  brightness  acuity.  The  accelerated  increase  in 
recognition  time  as  digit  size  decreases  shows  in  both  groins  and  in  all 
indices.  At  the  larger  and  more  recognizable  digit  sizes,  little  systematic 
difference  between  the  groups  is  apparent.  At  the  smallest  digit  sizes, 
medians  and  75th  percentiles  are  relatively  unaffected,  but  means  and  25th 
percentiles  are  substantially  lower  in  Table  I  C,  as  would  be  expected  from 
eliminating  the  poorer  subjects.  In  other  words,  the  largest  gain  shows  for 
the  more  difficult  conditions.  As  our  modified  group  was  not  screened  by 
any  generally  reproducible  criterion.  Table  I  C  is  presented  mainly  for  its 
supplementary  interest,  and  the  discussion  to  follow  will  be  referred 
primarily  to  the  data  of  Table  I  B  and  Figiire  1. 

2.  Experiment  2:  Effect  of  Digit  Grouping  on  Recognition  Time 

a.  Conditions 

In  this  experimsnt  each  digit  was  presented  both  singly  and  between 
two  other  digits.  Zero  and  5  were  used  as  the  flanking  digits.  For  each  of 


the  test  digits  two  new  slides  were  prepared,  in  one  of  which  the  test  digit 
was  flanked  by  0  on  the  left  and  5  on  the  right  (the  0x5  pattern),  in  the 
other  by  5  on  the  left  and  0  on  the  right  (the  5  x  0  pattern).  Spacing 
between  digits  was  of  digit  height,  measured  between  verticals  tangent 

to  the  outermost  points  of  the  digit  contours.  This  is  very  close  spacing 
but  within  the  range  encountered  in  practice. 

The  experiment  was  planned  to  include  a  fair  sampling  of  the  size 
and  brightness  ranges  of  Experiment  1  but  on  a  smaller  scale.  Therefore 
four  brightnesses  were  used,  but  only  one  digit  size  at  each,  as  follows: 
for  0.1  ft-L,  digit  height  0.18  in.,  for  0.03  ft-L,  0.18  In.,  for  0.01  ft-L, 
0.36  in.,  and  for  0.003  ft-L,  0.36  in. 

One  further  special  condition  should  be  noted.  Single  digits  were 
responded  to  as  in  Experiment  1,  but  in  the  group  presentation  the  subject 
named  all  three  digits  starting  at  the  left.  The  recorded  score  is  therefore 
the  time  to  the  naming  of  one  of  the  flanking  digits  rather  than  the  test 
digit  in  the  middle  position.  Characteristically  the  subjects  responded  to 
the  set  as  a  unit,  naming  the  three  digits  in  succession  without  noticeable 
pauses.  Brightness  contrast  was  maximal  as  in  Experiment  1. 

Subjects  were  male  college  students  with  20/25  vision  on  the 
Lebensohn  Test  at  lli  inches,  and  with  from  one  to  three  periods  of  previous 
experience  in  related 'experiments.  A  lower  acuity  qualification  was  held 
to  than  in  Experiment  1  because  conparative  rather  than  absolute  recognition 
times  were  the  main  concern.  Four  subjects  were  used  for  two  periods  each. 

A  single  experimental  period  included  either  the  two  higher  or  the 
two  lower  brightnesses.  The  20  group  slides  were  matched  in  the  experimental 
routine  by  two  appearances  of  the  10  slides  for  single  digits.  Four  arbitrary 
digit  sequences  were  prepared  for  20  items  (10  grouped  and  10  single).  The 
first  subject  in  his  first  period  at  the  first  brightness  was  given  the  first 
of  these  prepared  sequences  of  20  items,  using  the  0x5  group  pattern  only, 
and  the  sequence  was  then  repeated  in  reverse  order  with  the  same  group 
pattern.  The  1*0  items  were  then  given  again  using  the  5x0  grotp  pattern. 

At  the  second  brightness,  the  entire  procedure  was  gone  through  again  with 
a  second  prepared  sequence  of  items.  This  made  a  totad  of  160  regular  trials 
for  the  period.  Li  the  second  period,  the  two  remaining  brightnesses  were 
given  with  the  third  and  fourth  of  the  prepared  item  sequences.  For  the 
remaining  subjects  the  sequences,  brightnesses,  and  group  patterns  were 
rearranged  to  balance  out  the  effect  of  serial  position.  The  full  schedule 
for  a  period  included  four  to  eight  practice  or  warming-up  trials,  and  a 
brief  rest  interval  between  the  two  brightnessses. 

b.  Results 

TXi  Table  II  appear,  for  grouped  and -single  presentations  separately 
at  the  several  size-brightness  combinations,  mean  and  median  recognition 
times  on  the  10  digits  combined,  and  on  nine  digits  combined  the  1  being 
omitted.  Means  were  confuted  without  the  1  because  in  our  groi;qp  slides  the 
stroke  of  the  1  was  spaced  from  adjacent  contours  by  the  same  distance  that 
separated  the  vertical  tangents  in  the  case  of  other  digits.  Crowding  of 
the  1  to  this  extent  would  often  be  avoided  in  practice,  so  means  based  on 
nine  digits  may  be  the  more  valid  for  our  purposes. 


AFTR  6465 


15 


TABLE  II 


MEAN  AND  MEDIAN  RECOGNITION  TIIvSS  FOR 
DIGITS  PRESEfJTED  SPNGLY  AND  IN  GROUPS  (U  SUBJECTS) 


RECOGNITION 

TIME  (sec. 

)  • 

BRIGHTNESS  .1 
DIGIT  HEIGHT 

ft-L 
.18  in. 

BRIGHTNESS  .03  ft-L 
DIGIT  HEIGHT  .18  in. 

o/ 

/O 

% 

STOGLE 

GROUPED  DIFF. 

SINGLE 

GROUPED  DIFF, 

ALL 

lEAN 

.69 

.7U 

7 

.80 

.85  6 

DIGITS 

}®DIAN 

.70 

.72 

3 

.78 

.80  3 

DIGIT  1 

mean 

.70 

.73 

k 

.81 

.8U  h 

OMITTED 

MEDIAN 

.71 

.70 

-1 

.78 

.80  3 

BRIGHTNESS  .01  ft-L 

BRIGHT^IF^S  .003  ft-L 

DIGIT  HEIGHT 

.36  in. 

DIGIT  HEIGHT  .36  in. 

- ^ 

% 

SINGLE. 

GROliPE 

ID  DIFF. 

SINGLE 

GROUPED  DIFF 

ALL 

MEAN 

.83 

.92 

11 

3.77 

(5.6U)  50 

DIGITS 

MEDIAN 

.8h 

.90 

7 

(liV6o)  62 

DIGIT  1 

MEAN 

.85 

.89 

5 

l^.oU 

5.5U  37 

OMITTED 

MEDIAN 

.86 

.88 

2 

^.99 

hmh3  ii8 

t&iderlined  figures  are  based  on  distributions  TThich  include  one  or  more 
scores  arbitrarily  limited  to  10  seconds. 

Figures  in  parentheses  are  based  on  a  distribution  from  ■which  fi've  of  the 
16  scores  for  digit  1  are  missing. 


At  a  given  size-brightness  combination,  means  for  10  digits  combined 
are  based  on  160  determinations  (h  subjects,  h  trials  per  subject  per  digit) 
and  means  for  nine  digits  on  liiU. 

The  original  plan  called  for  limiting  scores  to  10  seconds  as  in 
Experiment  1,  but  when  it  became  apparent  that  at  the  lowest  brightness  the 
number  of  scores  running  over  10  sec.  would  be  substantial,  this  practice 
was  abandoned  and  the  actual  times  recorded.  At  this  point,  one  score  for 
a  single  digit  and  six  scores  for  grouped  digits  at  0.003  ft-L  had  already 
been  counted  as  10  sec. 

In  five  instances  out  of  l6  at  0.003  ft-L,  the  grouped  digit  1  was 
not  reported  even  after  repeated  tries.  Such  a  failure  to  identify  could  be 
considered  equivalent  to  a  very  high  time  score.  But  no  allowance  for  these 
cases  was  made  in  the  computations,  the  data  of  Table  II  being  based  on  the 
scores  actually  recorded.  The  mean  and  mediain  for  10  digits  in  grouped 
presentation  at  0.003  ft-L  should  therefore  be  considered  minimal  values. 

It  will  be  seen  from  the  means  and  medians  based  on  nine  digits 
that,  for  three  of  the  conditions,  grouping  increased  recognition  time  by 
not  over  These  three  conditions  were  relatively  weasy"  ones.  For 

0'.36  in.  digits  at  0.003  ft-L,  recognition  times  were  four  or  five  times  as 
long  as  for  the  other  -conditions  on  the  average,  and  here  the  grouping  made 
a  difference  of  about  UO^.  Such  an  interaction  is  characteristic  for  the 
type  of  variables  dealt  with. 

The  percentage  increase  produced  by  grov^jing  tends  to  be  higher 
when  digit  1  is  included,  as  would  be  expected  from  the  fact  that  the  crowded 
1  is  relatively  difficult. 

If  we  conqjare  each  mean  with  its  corresponding  median,  it  is  seen 
that  the  means  are  only  slightly  larger  than  the  medians  under  easy  conditions, 
but  25  to  30^  larger  for  the  0.36  in.  digits  at  0.003  ft-L.  This  reflects 
the  fact  that/perforraance  of  the  poorer  subjects  was  iii5)aired  relatively  more 
than  that  of  the  good  subjects  by  the  difficult  size-brightness  condition,  as 
was  found  for  the  larger  groups  in  Experiment  !• 

3*  Experiment  3:  Effect  of  Digit  Grouping  on  Recognition  Time 

a.  Conditions 

In  this  experiment  single  and  grouped  digits  were  compared  as  in 
Experiment  2,  but  conditions  were  different  in  the  following  respects. 

The  plan  was  designed  to  provide  more  extensive  data  at  one  bri^tness, 
0.03  ft-L.  Four  digit  heights  were  used,  O.lli,  0.18,  0.30,  and  0.36  m. 

Subjects  responded  only  to  the  middle  digit  of  a  group  rather  than 
to  the  set. 

Student  subjects  were  not  available  because  of  a  break  in  the  school 
year.  Therefore  four  male  members  of  the  staff,  ranging  in  age  from  19  to  ^6 
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years,  -were  used  for  two  periods  each.  These  subjects  had  irom  one 
several  periods  of  previous  experience  in  related  experiments,  and  qualilied 
with  20/25  vision  on  the  Lebensohn  Test  at  lU  in. 

All  four  digit  sizes  were  presented  in  each  period.  The  lirst 
subject  in  his  first  oeriod  was  given,  for  each  digit  size,  one  of  the  - 
item  sequences  from  E'xperiment  2  7ri.th  the  0  x  5  group  pattern^  followed  oy 
the  same  sequence  in  reverse  order  with  the  5x0  pattern.  This  mde  160 
re?ular  trials.  For  the  remaining  subjects,  item  sequences  were  inverts 
and  size  sequences  rearranged  to  balance  out  the  effect  of  serial  po^  ion. 
For  each  subject,  the  second  period  was  a  repetition  of  the  first. ^  The  full 
schedule  for  a  period  included  from  four  to  eight  practice  or  warraing-up 
trials,  -and  brief  rest  intervals  bet'^een  the  sizes. 


b.  Results 

In  Table  III  are  shown,  for  grouped  and  single  presentations 
separately  at  the  several  digit  sizes,  mean  and  median  recognition  times 
on  the  10  digits  combined,  and  on  9  digits  combined,  the  1  being  omitted 
as  in  Experiment  2. 

One  score  for  digit  1  was  lost  because  of  failure  to  identify  after 
repeated  tries. 

The  means  and  medians  based  on  nine  digits  show  increa.se3  of 
recognition  time  resulting  from  grouping  up  to  25^. 

The  expected  tendency  for  grouping  to  have  more  effect  ^mder  the 
more  difficult  conditions  does  not  show,  probably  because  the  range  of 
difficvilty  is  small. 

The  percentage  inpair  men  t  is  a  little  higher  on  the  average  yrith 
digit  1  included,  but  there  are  a  number  of  inversions. 

The  interaction  of  difficulty  with  skewness  shows,  even  though  the 
difficulty  range  is  small.  For  the  two  larger  image  sizes,  where  the 
recognition  times  fall  at  0.8  sec.  or  below,  the  means  tend  to  be  slightly 
smaller  than  the  medians.  For  the  smaller  image  sizes,  with  somewhat  longer 
recognition  times,  means  exceed  the  medians  by  increments  up  to  27%. 

The  over-all  effect  of  digit  grouping  was  enough  larger  in  Experi¬ 
ment  3  than  Experiment  2  to  suggest  that  the  different  method  of  reporting 
may  have  been  a  factor.  The  scores  of  Experiment  3  measure  responses  to 
the  nd-ddle  digit  only.  They  are  therefore  a  more  direct  ^dex  of  the 
recognizability  of  that  digit  than  those  of  Esqperimsnt  2  in  thich  the  three 
digits  were  responded  to  as  a  group. 

ii.  Experiment  U:  Effect  of  Digit  Grouping  and  Reduced  Contrast  on 

Recognition  Time 


a.  Conditions 

In  most  floodlighting  systems  the  background  would  have  somewhat 
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TABLE  III 


MEAN  AND  MEDIAN  RECOGNITION  TIMES  FOR  DIGITS 
PRESENTED  SINGLY  AND  IN  GROUPS.  BRIGHTNESS  .03  ft-L  (U  SUBJECTS) 


RECOGNITION  TD^:  (sec.) 


DIGIT  HEIGHT  .lU  in. 

DIGIT  HEIGHT  .18  in. 

% 

SINGLE  GROUPED  DIFF. 

SINGLE  GROUPED  DIFF. 

AU. 

MEAN 

l.?6 

1.82 

17 

1.12 

1.38 

23 

DIGITS 

INDIAN 

1.U8 

l.li3 

-  3 

1.00 

1.16 

16 

DIGIT  1 

MEAN 

1.59 

1.75 

10 

1.15 

1.38 

20 

OMITTED 

LEDIAN 

1,50 

1.50 

0 

1.02 

l.lli 

12 

DIGIT  HEIGHT  . 

30  in. 

DIGIT  HEIGHT 

.36  in. 

i 

SINGLE 

GROUPED 

DIFF. 

SINGLE 

GROTJPED  DIFF. 

ALL 

MEAN 

.68 

(.78) 

15 

,6k 

.73 

Uk 

DIGITS 

lEDlAH 

.66 

(.80) 

21 

.66 

•Ik 

12 

DIGIT  1 

MEAN 

.67 

.78 

16 

.6U 

.72 

12 

OMITTED 

MEDIAN 

,6h 

.80 

25 

.66 

.73 

11 

Figures  in  parentheses  are  based  on  a  distribution  from  idiich  one  of  the  l6 
scores  for  digit  1  is,  missing. 
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greater  luminosity  than  our  dark  screen  in  Experiments  1  to  3,  vath 
corresponding  reduced  brightness  contrast  bet-reen  numerals  and  ground. 
Ihis  factor,  combined  yrith  grouping,  v/as  tested  in  Experiment  U. 


For  this  purpose  provision  -was  made  for  flooding  the  entire  12 
by  12  in.  screen  iri-th  light  at  0.003  ft^L.  The  grouped  digits  were  projected 

against  this  ground  at  0.03  ft-L.  Ihe  effective  , , , 

digits  was  therefore  0.033  ft-L,  and  the  contrast  ratio  0.?1.  Single  digits 
for  conparison  were  projected  against  the  original  dark  groun  ,  a  a  ric 
ness  of  0e03  ft-Le 


Three  digit  heights  were  used,  0.22,  0.29,  and  0.36  in.  In  the 
grouped  presentation,  subjects  responded  to  the  middle  digit  only. 

Six  male  student  subjects,  with  20/2^  vision  on  the  Lebensohn  Test 
at  lU  in.,  and  without  previous  experience,  served  for  one  period  each. 

Three  sequences  of  20  items  were  prepared.  The  first  subject,  for 
each  of  the  three  digit  sizes,  was  given  10  items  from  the  first  sequence 
with  divits  presented  singly  against  the  dark  ground,  followed  by  10  ite^ 
with  the  grouoed  digits  against  a  light  ground,  using  the  0  x  5  group  pattern; 
the  series  of "  20  was  then  repeated  in  reverse  order  with  the  5  x  0  pattern. 
This  made  120  regular  trials  for  the  period.  For  the  remaining  subjects, 
item  sequences,  blocks  of  single  versus  grouped  digits,  group  patterns,  and 
digit  sizes  were  rearranged  to  balance  out  the  effect  of  serial  position. 

The  full  schedule  for  a  period  included  five  to  eight  practice  trials  and 
brief  rest  intervals  between  blocks  of  10  digits. 


b.  Results 

In  Table  IV  appear,  for  the  two  arrangements  separately  at  the  three 
digit  sizes,  mean  and  median  recognition  times  on  the  10  digits  combined,  and 
on^nine  digits  combined,  the  1  being  omitted  as  in  Experiments  2  and  3. 


At  a  given  digit  size,  means  for  10  digits  combined  are  based  on 
120  determina^ons  (6  subjects,  2  trials  per  subject  per  di^^lt),  those  for 
nine  digits  on  103. 

ihe  means  and  medians  for  nine  digits  in  Table  IV  show  increases  of 
recognition  time  resulting  from  grouping  and  reduced  contrast  up  to  l5,o.  It 
will  be  noted  that  the  grouped  digits  had  an  advantage  in  absolute  brightness 
of  10^  over  the  single  digits.  Ihis  difference  was  tolerated  because 
eliminating  it  would  have  conplicated  the  process  of  changing  from  one  condi¬ 
tion  to  the  other  in  the  experimental  routine.  So  far  as  can  be  judged  from 
the  data  of  Experiment  1,  this  could  shorten  response  times  in  the  neighbor¬ 
hood  of  1%  at  the  two  larger  digit  sizes,  and  possibly  h%  at  the  0.22  in.  size 
Making  due  allowance  for  this  factor,  the  inroalrraent  from  grouping  and  reduced 
contrast  together  would  still  not  be  quite  as  large  as  from  grouping  alone 
shown  in  Table  III.  This  result  is  not  as  unreasonable  as  it  might  appear, 
differences  between  groups  of  subjects  could  be  a  contributing  factor.  The 
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TABLE  IV 

MEAN  AND  MEDIAN  RECOGNITION  TIIES  FOR  DIGITS  PRESENTED 
SINGLY  AGAINST  A  DARK  GROUND  (SglDk)  AI'ID  IN  GROUPS 
AGAHvTST  A  LIGHTER  GROUND  (GrpLt).  BRIGHTNESS  .033  ft-L. 

(6  SUBJECTS) 


RECOGNITION  THE  (sec.; 


DIGIT  HEIGHT 
.22  in. 


DIGIT  HEIGHT 
.29  in. 


DIGIT  HEIGHT 
.36  in. 


SglDk  GrpLt  DIFF.  SglDk  GrpLt  DIFF.  SglDk  GrpLt  DIFF. 


ALL 

MEAN 

.78 

.88 

13 

.7U 

.78 

5 

.70 

.78 

11 

DIGITS 

MEDIAN 

.76 

.8U 

11 

.72 

.80 

11 

.67 

.78 

16 

DIGIT  1 

MEAN 

.79 

.86 

9 

•  7$ 

.78 

h 

.71 

.78 

10 

OMITTED 

MEDIAN 

.76 

.82 

8 

.73 

.78 

7 

.68 

.78 

IS 
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difference  between  a  contrast  ratio  of  1.0  and  0.91  is  not  large,  and 
iinpairments  from  grouping  and  contrast  together  would  not  necessarily  be 
additive.  In  this  type  of  situation,  moreover,  the  increased  light  in 
the  background  could  aid  discrimination  by  bringing  the  adaptation  level 
closer  to  that  of  the  test  object,  and  by  providing  a  better  frame  of 
reference  for  accommodation  adjustments. 

Tbile  the  scores  can  be  seen  to  vary  inversely  with  digit  size, 
the  range  of  difficulty  is  too  small  for  the  Interaction  of  difficulty  with 
either  the  grouping  effect  or  skewness  to  show.  tUth  digit  1  included,  a 
larger  grouping  effect  is  suggested,  but  the  differences  are  small. 


C.  Discussion 


It  will  ce  noted  that  the  mean  reaction  tLiie  to  a  simple  light  spot  in 
our  situation  was  0.32  sec.  This  is  a  slow  reaction  time  for  male  college 
students,  but  not  unreasonable  in  view  of  the  low  brightness  and  the  exoeri” 
mental  context. 

The  fastest  mean  recognition  times  for  digits  by  a  group  of  our  subjects 
were  in  the  neighborhood  of  0.6  sec.,  and  .medians  a  little  smaller,  with'^the 
•curves  not  quite  leveled  off.  This  agrees  well  enough  r/ith  mean  digit 
recognition  times  reported  by  Saltzman  and  Garner  (6,  p.  236)  of  0.146  to 
0.50  sec.,  at  the  higher  brightness  level  of  2.0  effective  foot-candles,  with 
recording  through  a  throat  microphone. 


Our  results  can  be  compared  wdth  Craik's  (1)  in  the  region  vdiere  the 
upper  part  of  his  brightness  range  overlapped  the  lov/er  part  of  ours.  Ihe 
agreement  is  not  at  all  good.  At  0.01  ft— L  Craik  reported  reading  times  of 
about  1.5  sec.  for  dig3.ts  subtending  a  visual  angle  of  15'.  From  our 

1  it  can  be  inferred  that  the  median  subject  would  recognize  a  15* 
digit  at  O.Olft-L  only  after  several  seconds,  and  a  subject  at  the  75th 
percentile  of  our  group  would  not  do  much  better.  A?  ?n  informal  check,  an 
e:^erienced  subject  observed  digits  of  that  size  and  brightness  in  our 
situation  in  both  the  American  Aeronautical  design  and  in  Craik's  design, 
which  has  a  thicker  stroke.  Both  types  of  digits  could  be  identified  better 
than  chance,  but  in  most  cases  the  subject  could  be  "reasonably  sure"  as 
required  by  our  formal  instructions  only  After  some  seconds,  if  at  all. 

A  further  check  on  these  discrepant  results  is  available  from  a  quite 
different  series  of  experiments  carried  out  in  this  Laboratory  and  reported 
elsewhere  (^).  In  this  series  the  subjects  had  the  task  of  reading  numerals 
to  v^ious  sizes  printed  black  on  white  at  a  reading  distance  of  lli  to.  Uie 
6-potot  type  to  this  series  subtended  a  visual  angle  between  15'  and  16*. 

Ihe  type  was  of  a  different  style  from  the  Aeronautical  design,  but  the 
visual  field  was  favorable  for  good  accommodation.  Subjects  had  the  option 
of  not  completing  a  50-item  trial  after  attempttog  a  few  items  if  the  material 
seemed  unreadable.  Of  12  subjects  presented  with  the  6-potot  type  at  0.01 
ft-L,  five  gave  up,  six  finished  the  trial  with  error  scores  slightly  better 
than  chance,  and  one  finished  Tilth  a  score  substantially  better  than  chance. 
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It  may  be  that  Craik*s  tvra  subjects  had  unusually  ^ood  vision,  or  it 
may  be  that  his  task  ’.Tas  different  from  ours.  The  report  of  Graik’s  vrork 
available  to  us  is  a  Flying  Personnel  Research  Committee  summary  which  does 
not  give  much  detail  of  experimental  procedure.  In  closely  related  studies 
Craik  used  a  dial  reading  task.  If  this  was  the  test  also  for  nujneral 
legibility,  position  cues  might  account  for  the  higher  level  of  perfornHnce. 
O'JT  study  was  directed  at  the  legibility  of  numerals  per  se,  without  secondary 
cues  or  superimposed  tasks. 

Craik* s  results  can  be  compared  with  ours  on  a  second  point.  Craik 
found  that,  for  constsint  legibility,  the  square  of  the  digit  height  varied 
approximately  inversely  with  the  brightness.  For  the  relatively  small  bright¬ 
ness  region  from  0.003  to  0.01  ft-L  common  to  the  tvro  experiments,  our  data 
are  not  inconsistent  with  this  finding.  But  as  brightness  increases  further 
a  point  is  reached  at  which  digit  area  for  constant  recognition  time  no 
longer  decreases  and  the  relation  breaks  down.  The  longer  the  recognition 
time  the  lower  this  critical  brightness  value. 

Interpretation  of  our  own  results  will  be  based  mainly  on  the  data  of 
Table  I  B  and  Figure  1.  It  is  therefore  well  to  have  in  mind  possible 
limitations  of  these  data.  If  means  instead  of  medians  had  been  plotted  in 
Figure  1,  the  upper  branches  of  the  curves  would  extend  much  higher  and  the 
drop  TTOuld  be  steeper,  but  the  relatively  level  regions  would  start  only  a 
little  farther  to  the  right.  The  curve  for  0.003  ft-L  woxild  level  off  some¬ 
what  above  the  level  for  medians.  Most  of  the  inferences  to  be  drawn  about 
practical  applications  would  be  affected  very  little. 

If  medians  and  quartiles  from  our  modified  group  of  Table  I  C  were  . 

plotted  instead  of  those  from  the  original  group,  the  medians  and  the  bottom 
ends  of  the  inter-quart ile  lines  would  fall  a  little  lower  on  the  average, 
the  difference  being  generally  less  than  10^.  Ihe  ipper  segments  of  the 
inter-quart ile  lines  would  be  shortened  down  to  make  the  lines  almost 
symmetrical  around  the  medians,  resulting  in  considerable  change  at  the  more 
difficult  size-brightness  conditions,  but  relatively  little  change  in  the 
level  regions  of  the  curves  Tfdiere  the  inter-quartile  ranges  are  small.  The 
picture,  then,  would  be  about  the  same  at  the  easy  size— brightness  conditions, 
and  about  the  same  throughout  for  subjects  at  the  median  of  the  group  or 
above,  but  quite  different  at  the  more  difficult  conditions  for  those  at  the 
25th  percentile. 

Sixteen  subjects  are  not  a  large  sanple,  but  in  addition  to  the  five 
replacement  subjects  we  have  lU  new  subjects  in  Experiments  2  to  for  an 
over-all  total  of  If  we  make  such  conparisons  as  are  possible  among  the 

experiments  on  the  basis  of  identical  conditions,  the  performance  of  the 
smaller  groups  is  found  to  vary  around  that  of  the  original  group  of  16,  in 
spite  of  the  fact  that  they  were  selected  by  a  lower  criterion  on  the 
Lebensohn  acuity  test.  Figure  1,  therefore,  can  be  taken  to  represent  fairly 
well  the  central  tendency  of  all  our  data. 

Considering  the  curves  of  Figure  1  it  will  be  noted,  not  only  that  they 
approach  final  levels  as  digit  height  increases,  but  the  final  levels  for  all 
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four  brightnesses  fall  between  0.50  and  0,65  sec.  In  other  words,  once 
recognition  time  has  been  reduced  to  a  certain  point,  further  increases  in 
either  size  or  brightness  will  have  very  little  effect.  If  we  should  desire 
to  assign  an  arbitrary  Vcilue  to  this  critical  point  for  the  median  subject, 
a  reasonable  choice  would  be  0.70  sec. 

TO  permit  recognition  by  the  median  subject  within  0.70  sec,,  a  digit 
at  0.1  ft-L  would  have  to  be  no  less  than  0.23  in.  high,  a  digit  at  0.03  ft-L 
would  have  to  be  0.30  in.  high,  one  at  0.01  ft-L,  O.luK  in.  hirh,  and  one  at 
0.003  ft-L,  0.6U  in.  high. 

A  comparable  cut-off  point  for  the  25th  percentile,  permitting  recogni¬ 
tion  by.  three-fourths  of  the  subjects  within  about  the  same  size-brightness 
limits,  would  be  0.85  sec.  For  mean  scores,  the  corresponding  cut-off  value 
would  be  between  that  for  the  medians  and  the  25th  percentiles. 

Above  the  cut-off  point,  changes  in  either  size  or  brightness  have 
relatively  large  effects  on  performance.  As  previously  indicated,  the  same 
general  relation  holds  for  secondary  variables  as  for  size  and  brightness. 

Such  factors  as  differences  between  subjects,  digit  grouping,  and  a  moderate 
reduction  in  brightness  contrast  modify  the  lower  branches  of  the  curves 
very  little.  Our  data  on  the  effect  of  individual  differences  and  digit 
grouping  extend  to  the  more  difficult  size-brightness  coirbinations,  and  here 
the  effects  are  large. 

To  minimize  variability  of  recognition  time  in  operational  situations, 
it  would  be  desirable  to  keep  the  size-brightness  combinations  within  the 
regions  covered  by  the  lower  branches  of  the  curves  in  Figure  1.  But  other 
considerations  make  this  an  inpractical  goal.  For  example,  the  size  and 
design  of  dial  faces  sometimes  makes  it  necessary  to  limit  digit  height  to 
3/16  in.;  but  to  bring  digits  of  this  size  within  the  desired  region  the 
brightness  would  have  to  be  0,1  ft-L  or  above;  that  of  1/3  in.  digits  would 
have  to  be  even  greater.  Such  values  of  white  light  would  result  in  a  sub¬ 
stantial  loss  of  dark  adaptation.  Even  with  red  light  they  vrould  be  too 
high  for  adequate  adaptation  in  some  situations.  Craik  (1)  suggests  an 
upper  limit  for  red  lighting  of  0.05  ft-L.  If  brightness  is  held  below 
these  values,  it  is  necessary  to  accept  somewhat  longer,  and  more  variable, 
digit  recognition  times. 

For  a  proper  interpretation  of  red  light  values  in  this  connection  it 
is  necessary  to  note  that  red  light  has  been  reported  by  the  Admiralty 
Research  Laboratory  (3)  to  be  superior  to  white  light  for  acuity  and  reading 
functions  at  brightnesses  below  about  0.1  ft-L.  It  is  stated  that  in  the 
neighborhood  of  0.06  ft-L,  for  equal  speed  of  reading  unrelated  words, 
about  605?  more  iriiite  than  red  light  is  required.  On  this  basis  Craik' s 
upper  limit  of  0.05  ft-L  for  red  would  be  equivalent  to  about  0,08  ft-L  for 
white. 

For  a  digit  at  a  brightness  of  0,08  ft-L  (white  light)  to  be  recognized 
in  0.7  sec.  by  half  the  subjects,  or  in  0,85  sec.  by  three-fourths  of  the 
subjects,  it  would  have  to  be  about  l/li  in,  hi^.  If  it  is  assumed  that  space 
limitations  make  \/h  in.  numerals  impractical,  it  follows  that  no  clear 
optimum  is  indicated.  Compromise  adjustments  will  depend,  not  only  on  data 
such  as  these,  but  on  various  related  considerations  as  well.  A  few  examples 
can  be  given,  Loucks  (U)  found  some  evidence  of  greater  confusion  Tfith  larger 
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dial  numbers  because  of  the  difficulty  of  relating  them  to  the  appropriate 
scale  marks.  The  marks  in  question,  hovrever,  may  have  been  insufficiently 
differentiated  on  the  dials  he  used.  Legibility  of  numerals  per  se  may  be 
less  critical  on  dial  scales,  -vdiere  the  spatial  arrangement  becomes  familiar, 
than  on  odometers  idiere  the  numerals  stand  alone.  If  types  of  operational 
situation  can  be  distinguished  requiring  different  habitual  levels  of  dark 
adaptation,  the  amount  of  red  light  provided  could  be  varied  accordingly. 

If  certain  numerals  which  had  to  be  read  occasionally  could  not  be  made  large 
enough  for  legibility  under  standard  red  floodlighting,  a  supplementary  red 
spotlight  might  be  used  for  a  fevf  seconds  without  serious  loss  of  dark  adapta-? 
tion. 


D.  Conclusions 


Average  recognition  time  for  dial  type  digits  0.U8  in.  high  presented 
singly,  at  a  brightness  of  0.1  ft-L  with  maximum  contrast,  is  approximately 
0.6  sec. 

Decreases  in  size  or  brightness  from  this  level  produce  at  first  a 
gradual  and  then  a  more  rapid  increase  in  recognition  time. 

If  it  should  be  desired  to  select  a  cut-off  point  in  terms  of  recognition 
time,  above  tdiich  the  time  increases  rapidly  as  conditions  become  less 
favorable,  the  data  here  reported  suggest  0.7  sec.  for  the  median  of  a  group 
of  subjects.  To  permit  recognition  within  this  interval,  a  digit  at  0.1  ft-L 
would  have  to  be  6.23  in.  high,  one  at  0.03  ft-L  would  have  to  be  0.30  in. 
high,  one  at  0.01  ft-L,  O.Uii  in.  high,  and  one  at  0.003  ft-L>  0.6U  in.  high. 

A  conparable  cut-off  point  for  the  25th  percentile,  permitting  recogni¬ 
tion  by  three-fourths  of  tiie  group  within  about  the  same  size-brightness 
limits,  would  be  0.85  sec. 

In  the  region  where  the  effect  of  size  and  brightness  is  relatively 
small,  the  effect  of  secondary  factors  such  as  differences  between  subjects, 
grouping  of  digits,  and  moderate  redaction  of  brightness  contrast,  is  also 
relatively  small;  where  a  reduction  in  size  or  brightness  is  sufficient  to 
produce  a  large  increase  in  recognition  time,  the  effect  of  the  secondary 
variables  is  also  large. 

liifavorable  conditions  impair  the  performance  of  the  poorer  subjects 
relatively  more  than  of  the  better  subjects. 

Size-brightness  conbinations  below  the  cut-off  point  involve  either 
digits  that  are  too  large  for  available  dial  space,  or  brightnesses  too  high 
for  the  preservation  of  dark  adaptation;  in  operational  situations,  compromises 
are  therefore  necessary. 
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